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1HZ�0HWKRGV�RI�(GLWLQJ�DQG�,PSXWDWLRQ

6YHLQ�1RUGERWWHQ

8QLYHUVLW\�RI�%HUJHQ��1RUZD\

$%675$&7���(GLWLQJ�RI�GDWD�FROOHFWHG�IRU�SUHSDUDWLRQ�RI�VWDWLVWLFV�LV�D�WLPH�DQG�UHVRXUFH�FRQVXPLQJ�SURFHVV���7KLV�SDSHU
SUHVHQWV�H[SHULPHQWV�ZLWK�DUWLILFLDO�QHXUDO�QHWZRUNV�DV�D�SRWHQWLDO�WRRO�IRU�LQFUHDVLQJ�WKH�HIIHFWLYHQHVV�RI�VWDWLVWLFDO�HGLWLQJ�DQG
LPSXWDWLRQ���7R�PDLQWDLQ�DFFXUDF\�LQ�UHVXOWLQJ�VWDWLVWLFV��WKH�SRVVLELOLW\�RI�GHULYLQJ�UHOLDEOH�DFFXUDF\�SUHGLFWLRQV�LV�DOVR�GLVFXVVHG�

�� ,QWURGXFWLRQ

3URGXFHUV�RI�VWDWLVWLFV�KDYH�DOZD\V�EHHQ�FRQFHUQHG�DERXW�WKH�TXDOLW\�RI�WKHLU�VWDWLVWLFV���2QH�KXQGUHG
\HDUV�DJR��WKH�QDPH�GDWD�HGLWRUV�ZDV�XVHG�RQ�WKH�VWDII�ZKR�KDG�WKH�UHVSRQVLELOLW\�WR�LQVSHFW�DQG�FRQWURO
WKH�GDWD�FROOHFWHG�IURP�WKH�UHVSRQGHQWV���7KH�DSSHDUDQFH�RI�SURJUDPPHG�HOHFWURQLF�FRPSXWHUV����\HDUV
DJR�RIIHUHG�RSSRUWXQLWLHV�WR�DXWRPDWH�WKH�HGLWLQJ���$OUHDG\�HDUO\�LQ�WKH�����V��FRPSXWHUL]HG�HGLWLQJ�RI
WKH�8�6��$JULFXOWXUDO�&HQVXV�GDWD�ZDV�IRU�H[DPSOH�H[WHQVLYHO\�XVHG��EXW�LW�LV�HVWLPDWHG�WKDW����WR���
SHUFHQW�RI�WKH�WRWDO�FRVWV�RI�D�VXUYH\�RU�D�FHQVXV�DUH�VWLOO�XVHG�IRU�HGLWLQJ�>*UDQTXLVW�����@���7R�ORRN
IRU�QHZ�RSSRUWXQLWLHV�WR�UHGXFH�WKH�UHVRXUFHV�UHTXLUHG�IRU�HGLWLQJ�LV�WKHUHIRUH�D�FRQWLQXRXV�FKDOOHQJH�

7KH�SXUSRVH�RI�WKLV�SDSHU�LV�WR�GLVFXVV�DQ�DSSURDFK�WR�VWDWLVWLFDO�HGLWLQJ��WKH�PDLQ�LVVXH�RI�ZKLFK�LV�WR
XVH�DYDLODEOH�LQIRUPDWLRQ�DERXW�VWDWLVWLFDO�XQLWV�PRUH�HIIHFWLYHO\�LQ�FRQWURO�DQG�LPSXWDWLRQ���7KLV�LV�QR
QHZ�LGHD���,W�ZDV�GLVFXVVHG�LQ�LQWHUQDWLRQDO�PHHWLQJV�DV�IXQFWLRQDO�HGLWLQJ�PRUH�WKDQ����\HDUV�DJR
>1RUGERWWHQ�����@���%HFDXVH�RI�PRUH�HIILFLHQW�WHFKQLFDO�WRROV�DQG�PRUH�DYDLODEOH�LQIRUPDWLRQ�
IXQFWLRQDO�HGLWLQJ�LV�IDU�PRUH�UHDOLVWLF�WRGD\�WKDQ�DW�WKH�WLPH�LW�ZDV�ILUVW�GLVFXVVHG���7KLV�SDSHU�ZLOO
GLVFXVV�WKH�HGLWLQJ�DQG�LPSXWDWLRQ�SURFHVV��DQG�VRPH�DVSHFWV�RI�QHXUDO�QHWZRUN�PHWKRGV��DQG�ZLOO
FRQFOXGH�ZLWK�LOOXVWUDWLRQV�EDVHG�RQ�H[SHULPHQWV�ZLWK�WKH�IXQFWLRQDO�DSSURDFK�FDUULHG�RXW�RQ�UHDO�OLIH
GDWD�E\�PHDQV�RI�DUWLILFLDO�QHXUDO�QHWZRUNV���([DPSOHV�RI�VLPLODU�H[SHULPHQWV�KDYH�DOVR�EHHQ�GLVFXVVHG
E\�RWKHUV�>5RGGLFN�������7HDJXH�DQG�7KRPDV�����@�

�� 3UREOHP���(GLWLQJ�DQG�,PSXWDWLRQ

'LIIHUHQW�W\SHV�RI�HUURUV�DUH�LQWURGXFHG�LQ�SUHSDUDWLRQ�RI�VWDWLVWLFV���7KH�VXUYH\�GHVLJQ�LQWURGXFHV
GHVLJQ�HUURUV��GDWD�FROOHFWLRQ�LQWURGXFHV�UHJLVWHU��VDPSOLQJ��LQWHUYLHZHU�DQG�UHVSRQVH�HUURUV��ZKLOH�WKH
DJJUHJDWLRQ�DQG�GLVVHPLQDWLRQ�SURFHVVHV�DUH�WKH�VRXUFHV�RI�SURFHVVLQJ�DQG�SUHVHQWDWLRQ�HUURUV��
6WDWLVWLFDO�GDWD�HGLWLQJ�SOD\V�D�VSHFLDO�UROH�LQ�SUHSDUDWLRQ�RI�VWDWLVWLFV�EHFDXVH�LW�DLPV�DW�UHGXFLQJ�WKH
HIIHFW�RI�HUURUV�LQ�RWKHU�VWDWLVWLFDO�SURFHVVHV���,Q�HGLWLQJ��ZH�GLVWLQJXLVK�EHWZHHQ�GHWHFWLQJ�HUURUV�DQG
FRUUHFWLQJ�HUURUV���'HWHFWLRQ�RI�HUURUV�LV�FDUULHG�RXW�E\�D�FRQWURO�SURFHVV��ZKLOH�FRUUHFWLRQ�RI�HUURUV�LV
GRQH�E\�PHDQV�RI�DQ�LPSXWDWLRQ�SURFHVV�

:KHQ�GLVFXVVLQJ�HGLWLQJ��LW�LV�XVHIXO�WR�GLVWLQJXLVK�DPRQJ�WKUHH�YHUVLRQV�RI�GDWD�FRPSLOHG�DERXW�D
VWDWLVWLFDO�XQLW�����WKH�UDZ�RU�FROOHFWHG�YDOXHV�����WKH�HGLWHG�YDOXHV�REWDLQHG�E\�WKH�HGLWLQJ�SURFHVV�WR�EH
LQYHVWLJDWHG��DQG����WKH�WDUJHW�YDOXHV�ZKLFK�ZH�ZRXOG�KDYH�REWDLQHG�LI�DQ�LGHDO�PHDVXUHPHQW�KDG�EHHQ
SHUIRUPHG���)UHTXHQWO\��WKH�YDOXHV�IURP�DQ�HGLW�SHUIRUPHG�E\�VXEMHFW�PDWWHU�H[SHUWV�LV�FRQVLGHUHG�WR
JLYH�D�VDWLVIDFWRU\�DSSUR[LPDWLRQ�WR�WDUJHW�YDOXHV�



���

$�VWDWLVWLFDO�HVWLPDWH��<1��LV�D�PHDVXUHPHQW�RI�D�SRSXODWLRQ�WDUJHW��H�J��D�WRWDO��<��EDVHG�RQ�YDOXHV�IRU
LQGLYLGXDO�VWDWLVWLFDO�XQLWV���:H�VKDOO�UHIHU�WR�' _<1�<_��WKH�GHYLDWLRQ�RI�WKH�HVWLPDWH�IURP�WKH�WDUJHW�
DV�WKH�DFFXUDF\�RI�WKH�HVWLPDWH���6LQFH�<�LV�XVXDOO\�XQNQRZQ��WKH�DFFXUDF\�PXVW�EH�SUHGLFWHG�DQG�ZH
GHQRWH�WKH�SUHGLFWHG�DFFXUDF\�E\�'1�

&RQVLGHU�D�SRSXODWLRQ�RI�1�VWDWLVWLFDO�XQLWV���:LWKRXW�D�ORVV�RI�JHQHUDOLW\��ZH�DVVXPH�WKDW�HDFK�XQLW�LV
FKDUDFWHUL]HG�E\�D�VLQJOH�\�YDULDEOH�YDOXH�DQG�D�VHW�RI�.�[�YDULDEOH�YDOXHV���7KH�\�YDOXH�LV�DQ�XQNQRZQ
YDOXH�RI�D�YDULDEOH�REVHUYHG�ZLWK�YDOXH�\1���7KH�[�YDOXHV�DUH�EDFNJURXQG�RU�DX[LOLDU\�GDWD�DYDLODEOH�IRU
WKH�VWDWLVWLFDO�XQLW���7KH�VRXUFH�RI�WKHVH�EDFNJURXQG�YDOXHV�PD\�EH�DGPLQLVWUDWLYH�UHJLVWHUV��SUHYLRXV
VXUYH\V��HWF���:H�GHQRWH�WKH�LQGLYLGXDO�REVHUYHG�YDOXHV�DV�\L1�DQG�WKH�WDUJHW�YDOXHV�DV�\L��L ���1��DQG
WKH�DX[LOLDU\�YDOXHV�LQ�WKH�[�VHW�DV�[LN��L ���1�DQG�N ���.�

7KH�GLIIHUHQFH�EHWZHHQ�REVHUYHG�\L1�DQG�WDUJHW�\L�YDOXHV�LV�WKH�LQGLYLGXDO�HUURU�HL \L1�\L���7KH�YDOXH�RI
WKH�HUURU�LV�DVVXPHG�WR�EH�WKH�FXPXODWHG�HIIHFW�RI�DOO�IDFWRUV�LQIOXHQFLQJ�WKH�RXWFRPH�RI�DQ�REVHUYDWLRQ��
:H�DVVXPH�WKDW�HL��L ���1��FDQ�EH�FRQVLGHUHG�DV�LQGHSHQGHQW�UDQGRP�YDULDEOHV�ZLWK�D�FRPPRQ�PHDQ
PH�DQG�YDULDQFH�YH���$Q�HVWLPDWH�<1 (�

��\L1�RI�DOO�XQHGLWHG�GDWD�FDQ�WKHUHIRUH�EH�FRQVLGHUHG�DV
VWRFKDVWLF�DQG�EH�H[SHFWHG�WR�YDU\�LI�WKH�REVHUYDWLRQ�LV�UHSHDWHG�

6LQFH�WKH�DFFXUDF\�RI�<1�GRHV�QRW�PDQLIHVW�LWVHOI�EHIRUH�WKH�VWDWLVWLFDO�LQIRUPDWLRQ�LV�XVHG��SURGXFHUV�RI
VWDWLVWLFV�ZDQW�WR�LVVXH�DQ�DFFXUDF\�GHFODUDWLRQ�RU�D�JXDUDQWHH�WR�WKH�XVHUV�DERXW�WKH�VWDWLVWLFDO�WRWDO��
7KH�GHFODUDWLRQ�FDQ��IRU�H[DPSOH��EH�EDVHG�RQ�D�SUHGHWHUPLQHG�DFFXUDF\�UHTXLUHPHQW�&���$�QDUURZ
DFFXUDF\�ERXQGDU\�&�LPSOLHV�GHFODUDWLRQ�RI�KLJK�TXDOLW\�HVWLPDWHV��DQG�YLFH�YHUVD���6LQFH�WKH�SXUSRVH
RI�HGLWLQJ�LV�WR�LQFUHDVH�TXDOLW\��WKH�HGLWHG�GDWD�VKRXOG�WKHUHIRUH�EH�DFFRPSDQLHG�E\�VRPH�NLQG�RI
DFFXUDF\�SUHGLFWLRQV�RQ�ZKLFK�DFFXUDF\�GHFODUDWLRQV�IRU�WKH�GHULYHG�VWDWLVWLFV�FDQ�EH�EDVHG�

,I�WKH�DFFXUDF\�SUHGLFWLRQ�'1�RI�DQ�HVWLPDWH�<1�VDWLVILHV�WKH�FRQGLWLRQ�'1�&��WKH�HVWLPDWH�ZLOO�EH
GHFODUHG�WR�KDYH�UHTXLUHG�DFFXUDF\��LI�QRW��WKH�HVWLPDWH�ZLOO�QRW�EH�GHFODUHG�DFFXUDWH���,W�LV�LPSRUWDQW
WKDW�WKH�DFFXUDF\�SUHGLFWLRQV�KDYH�D�ORZ�SUREDELOLW\�3U�WR�EH�LQFRUUHFW���%\�PHDQV�RI�WKH�&HQWUDO�/LPLW
7KHRUHP��ERXQGV�IRU�VXFK�D�SUREDELOLW\�FDQ�EH�GHULYHG�LI�WKH�HVWLPDWH�LV�FRPSRVHG�RI�D�VDWLVIDFWRU\
QXPEHU�RI�FRPSRQHQWV���,I�QRW��ZH�PD\�UHO\�RQ�WKH�7FKHE\FKHII�,QHTXDOLW\�7KHRUHP�WR�VSHFLI\�WKH
ERXQGV�

�� 1HZ�0HWKRGV

��� $11�6XPPDU\

$UWLILFLDO�QHXUDO�QHWZRUNV��$11��ZHUH�ILUVW�SUHVHQWHG�LQ�D�SDSHU�E\�0F&XOORFK�DQG�3LWWV�ZLWK�WKH�DLP
WR�H[SODLQ�QHXUR�SK\VLRORJLFDO�SKHQRPHQD�>0F&XOORFK�����@���/DWHU��D�YDULHW\�RI�$11�PRGHOV�KDYH
EHHQ�IRUPXODWHG�IRU�GLIIHUHQW�SUREOHPV��OHDUQLQJ�DOJRULWKPV�IRU�QXPHULFDO�FRPSXWDWLRQ�RI�WKH
SDUDPHWHUV�RI�WKH�QHWZRUNV�KDYH�EHHQ�GHYHORSHG��DQG�D�YDULHW\�RI�QHXUDO�QHWZRUN�DSSOLFDWLRQV�KDYH
DSSHDUHG�LQ�GLIIHUHQW�ILHOGV�

7KH�W\SH�RI�$11�XVHG�LQ�FRQQHFWLRQ�ZLWK�WKH�SUREOHPV�GLVFXVVHG�LQ�WKLV�SDSHU�LV�VR�FDOOHG
´IHHG�IRUZDUGµ��PXOWL�OD\HU�QHWZRUNV�ZKLFK�FDQ�EH�FRQVLGHUHG�DV�ORJLVWLF�GLVFULPLQDQW�IXQFWLRQV�RU
QRQ�OLQHDU�UHJUHVVLRQ�IXQFWLRQV���,QSXW�WHUPLQDOV�UHFHLYH�YDOXHV�FRUUHVSRQGLQJ�WR�H[SODQDWRU\�YDULDEOHV�
ZKLOH�DQ�RXWSXW�QHXURQ�SURYLGHV�YDOXHV�FRUUHVSRQGLQJ�WR�D�GHSHQGHQW�YDULDEOH���,Q�EHWZHHQ�DUH�OD\HUV
RI�KLGGHQ�QHXURQV���(DFK�LQSXW�WHUPLQDO�DQG�KLGGHQ�QHXURQ�LV�LQWHUFRQQHFWHG�ZLWK�DOO�QHXURQV�LQ�WKH
QH[W�OD\HU��PHDQLQJ�LWV�YDOXH�LV�GLVWULEXWHG�WKURXJK�DOO�FRQQHFWLRQV�WR�WKH�UHFHLYLQJ�QHXURQV���7KH
LQGLYLGXDO�FRQQHFWLRQ�LV�FKDUDFWHUL]HG�E\�D�SDUDPHWHU�YDOXH�FDOOHG�WKH�ZHLJKW�E\�ZKLFK�WKH�LQSXW�YDOXH



���

LV�PXOWLSOLHG���$�QHXURQ�WUDQVIRUPV�WKH�VXP�RI�DOO�UHFHLYHG�ZHLJKWHG�LQSXW�YDOXHV�WR�DQ�RXWSXW�YDOXH
DFFRUGLQJ�WR�DQ�DFWLYLW\�IXQFWLRQ�

7KH�GHYHORSPHQW�RI�DQ�DUWLILFLDO�QHXUDO�QHWZRUN�FRQVLVWV�RI�WZR�VWHSV�����WKH�FKRLFH�RI�QHWZRUN�WRSRORJ\
DQG�DFWLYLW\�IXQFWLRQV�IRU�WKH�QHXURQV��DQG����WKH�GHWHUPLQDWLRQ�RI�WKH�FRQQHFWLRQ�ZHLJKW�SDUDPHWHUV�RI
WKH�QHWZRUN���7KH�ILUVW�VWHS�PXVW�EH�GRQH�DFFRUGLQJ�WR�WKH�SUREOHP�IRU�ZKLFK�WKH�QHWZRUN�VKRXOG�EH
DSSOLHG��WKH�VXFFHVV�RI�ZKLFK�GHSHQGV�WR�D�ODUJH�H[WHQW�RQ�WKH�GHYHORSHU·V�H[SHULHQFH�DQG�FUHDWLYLW\��
7KH�VHFRQG�VWHS�LV�FDUULHG�RXW�E\�PHDQV�RI�D�OHDUQLQJ�DOJRULWKP���7KH�OHDUQLQJ�DOJRULWKP�IRU�WKH�W\SH�RI
QHWZRUNV�GLVFXVVHG�LQ�WKLV�SDSHU�LV�NQRZQ�DV�WKH�%DFNSURSDJDWLRQ�DOJRULWKP�

7KH�%DFNSURSDJDWLRQ�DOJRULWKP�LV�DQ�LWHUDWLYH��QXPHULFDO�DOJRULWKP�EDVHG�RQ�VWHSZLVH�DGMXVWPHQW�RI
SDUDPHWHUV�DFFRUGLQJ�WR�WKH�JUDGLHQW�GHFHQW�SULQFLSOH�DQG�EHFDPH�JHQHUDOO\�DYDLODEOH�DERXW����\HDUV
DJR�>5XPHOKDUW�����@���,W�UHTXLUHV�D�VHW��FDOOHG�WKH�WUDLQLQJ�VHW��RI�H[DPSOHV�RI�LQSXW�DQG�RXWSXW�YDOXH
SDLUV�IURP�WKH�GRPDLQ�WR�ZKLFK�WKH�QHWZRUN�ZLOO�EH�DSSOLHG���7KH�OHDUQLQJ�DOJRULWKP�VHDUFKHV�IRU�D�VHW
RI�ZHLJKW�YDOXHV�FKDUDFWHUL]LQJ�WKH�FRQQHFWLRQV�DPRQJ�WKH�DFWLYH�QRGHV�RI�WKH�QHW�VXFK�WKDW�WKH�QHW�ZLOO
UHSURGXFH�WKH�RXWSXW�YDOXHV�ZLWK�WKH�PLQLPXP�PHDQ�VTXDUH�HUURU�JLYHQ�WKH�LQSXW�YDOXHV�RI�WKH�VHW�RI
H[DPSOHV���0RGHUQ�LPSOHPHQWDWLRQV�RI�WKLV�DQG�RWKHU�WUDLQLQJ�DOJRULWKPV�RIIHU�VHYHUDO�RSWLRQV�IRU�WKH
WUDLQLQJ��VXFK�DV�KRZ�WR�LQLWLDOL]H�WKH�ZHLJKWV��WKH�VL]H�RI�OHDUQLQJ�VWHSV��ZKHQ�WR�VWRS�WKH�LWHUDWLRQ��HWF�

��� 5HODWLRQVKLS�WR�6WDWLVWLFDO�0HWKRGV

$�VLQJOH�OD\HU�QHXUDO�QHWZRUN�ZKLFK�XVHV�QRGHV�ZLWK�VLJPRLG�DFWLYLW\�IXQFWLRQV�FDQ��VXEMHFW�WR�FHUWDLQ
FRQGLWLRQV�DV�WR�KRZ�LW�LV�WUDLQHG��EH�FRQVLGHUHG�DV�H[SUHVVLQJ�D�FRQGLWLRQDO�SUREDELOLW\��D�ORJLVWLF
GLVFULPLQDQW�IXQFWLRQ�RU�D�PXOWLYDULDWH�ORJDULWKPLF�UHJUHVVLRQ�IXQFWLRQ��DQG�FDQ�EH�SUHVHQWHG�DV�

\L1� ��������H[S��>Z�����M�ZM�
�[LM�@����IRU�L ����1� ���

ZKHUH�WKH�\1�LV�WKH�SUREDELOLW\�RU�GHSHQGHQW�YDULDEOH�FRUUHVSRQGLQJ�WR�WKH�RXWSXW�RI�WKH�QHW�DQG�WKH�[·V
DUH�LQGHSHQGHQW�YDULDEOHV�FRUUHVSRQGLQJ�WR�WKH�LQSXWV�WR�WKH�QHW���7KH�Z·V�DUH�SDUDPHWHUV�NQRZQ�DV
FRQQHFWLRQ�ZHLJKWV�RI�WKH�QHW�ZKLFK�KDYH�WR�EH�GHWHUPLQHG�

7R�REWDLQ�EHWWHU�UHVXOWV��WKH�QHWZRUN�LV�GHVLJQHG�DV�PXOWL�OD\HUHG���$�QHWZRUN�ZLWK�WZR�OD\HUV�RI
ZHLJKWV�FRQQHFWLQJ�WKH�LQSXWV�WR�D�VHW�RI�KLGGHQ�QHXURQV�FDQ��IRU�H[DPSOH��EH�SUHVHQWHG�DV�

\L1� ���^����H[S��>ZR�����ZN�
���������H[S��>ZN����M�ZMN�
�[LM�@��@`���IRU�L ���1� ���

,W�FDQ�EH�SURYHG�WKDW�D���OD\HU�QHWZRUN�FDQ�UHSUHVHQW�D�YHU\�ODUJH�VHW�RI�GLIIHUHQW�IXQFWLRQV�

7KHUH�DUH�VHYHUDO�ZD\V�WR�GUDZ�VWDWLVWLFDO�FRQFOXVLRQV�DERXW�WKH�DFFXUDF\�RI�VWDWLVWLFV�EDVHG�RQ�UHVXOWV
IURP�D�QHXUDO�QHWZRUN�>%LVKRS�����@���2QH�VLPSOH�ZD\�LV�WR�GUDZ�D�QHZ�UDQGRP�VDPSOH�LQGHSHQGHQW�RI
WKH�WUDLQLQJ�VDPSOH�IURP�WKH�SRSXODWLRQ��REWDLQ�LWV�WUXH�YDOXHV��FRPSXWH�SUHGLFWHG�YDOXHV�RI�WKH
YDULDEOHV�E\�PHDQV�RI�WKH�QHWZRUN��DQG�HVWLPDWH�WKH�VWDWLVWLFDO�FKDUDFWHULVWLFV�RI�WKH�GHYLDWLRQV���7KLV
DSSURDFK�ZDV�XVHG�IRU�WKH�VHFRQG�H[SHULPHQW�SUHVHQWHG�LQ�WKLV�SDSHU���2EYLRXVO\��WKLV�UHTXLUHV�WKDW
UHVRXUFHV�DUH�DYDLODEOH�IRU�REVHUYLQJ�ERWK�VDPSOHV���8VH�RI�MDFN�NQLIH�PHWKRGV�LV�DQRWKHU�DSSURDFK
ZKLFK�KDV�WKH�DGYDQWDJH�WKDW�RQO\�RQH�VDPSOH�LV�QHHGHG��EXW�LW�UHTXLUHV�VLJQLILFDQWO\�PRUH�FRPSXWLQJ
>0RRG\�����@�



���

��� ,PSXWDWLRQ�(VWLPDWHV

7UDLQHG�QHWZRUNV�JLYH�D�EDVLV�WR�LPSXWH�LQGLYLGXDO�YDOXHV�IRU�DOO�XQLWV�QRW�REVHUYHG��DQG�RSHQ�WKH�XVH
RI�D�VLPSOH�HVWLPDWRU�IRU�FRPSXWLQJ�WKH�HVWLPDWHV�RI�WRWDOV�

<1� ���
Q�\L����Q��

1�\M1� ���

LQ�ZKLFK�WKH�ILUVW�WHUP�LV�WKH�VXP�RI�WKH�WDUJHW�YDOXHV�NQRZQ��DQG�WKH�VHFRQG��WKH�VXP�RI�WKH�LPSXWHG
YDOXHV���7KHVH�HVWLPDWHV�DUH�FDOOHG�LPSXWDWLRQ�HVWLPDWHV�>1RUGERWWHQ�����@�

$VVXPLQJ�WKH�LPSXWHG�YDOXHV�KDYH�D�UDQGRP�HUURU�FRPSRQHQW��WKH�URRW�PHDQ�VTXDUH�HUURU�RI�WKH
LPSXWDWLRQ�HVWLPDWH�RI�D�WRWDO�LV

��������������BBBBBBBBBB
506(� ����1����
�PVH��� ���

ZKHUH�PVH�LV�WKH�PHDQ�VTXDUH�HUURU�IRU�WKH�UHVLGXDO�HUURU�YDULDEOHV�HVWLPDWHG�IURP�WKH�VHFRQG�VDPSOH
PHQWLRQHG�DERYH���$V�ORQJ�DV�WKH�VTXDUHG�ELDV�FRPSRQHQW�LV�VPDOO�FRPSDUHG�ZLWK�WKH�YDULDQFH�RI�PVH�
506(�FDQ�EH�XVHG�LQ�WKH�VDPH�ZD\�DV�WKH�VDPSOLQJ�HUURU�IURP�WKH�VDPSOLQJ�WKHRU\�>+DQVHQ�����@�

,I�WKH�FRQGLWLRQV�SHUPLW�WR�UHO\�RQ�WKH�&HQWUDO�/LPLW�7KHRUHP��ZH�FDQ�XVH�WKH�WKHRUHP�DV�MXVWLILFDWLRQ
IRU�D�SUREDELOLW\�SUHGLFWLRQ�DERXW�DQ�XSSHU�ERXQG�IRU�WKH�LPSXWDWLRQ�HVWLPDWH�

35�_<1�<_����
506(��������� ���

VD\LQJ�WKDW�RQO\���RXW�RI����HVWLPDWHV�LV�H[SHFWHG�WR�GHYLDWH�PRUH�WKDQ���WLPHV�LWV�506(���,I�WKH
VWDWLVWLFDO�DJHQF\�ZDQWV�WR�UHOHDVH�RQO\�HVWLPDWHV�RI�WRWDOV�ZKLFK�GR�QRW�GHYLDWH�IURP�WKH�WUXH�YDOXH�ZLWK
PRUH�WKDQ���XQLWV��ZH�VKRXOG�UHMHFW�HVWLPDWHV�ZLWK�506(!����DQG�H[SHFW�WKDW���RXW�RI����UHMHFWHG
HVWLPDWHV�LQ�IDFW�ZDV�DFFHSWDEOH�

,I�WKH�HVWLPDWH�LV�EDVHG�RQ�D�VDPSOH�ZKLFK�LV�WRR�VPDOO�IRU�UHO\LQJ�RQ�WKH�&HQWUDO�/LPLW�7KHRUHP��WKH
7FKHE\FKHII�,QHTXDOLW\�7KHRUHP�

35�_<1�<_����
506(��������������� ���

FDQ�EH�DQRWKHU�SRVVLELOLW\�IRU�DFFXUDF\�SUHGLFWLRQV���7KLV�WKHRUHP�WHOOV�XV�WKDW�DERXW���RXW�RI���
HVWLPDWHV�DUH�H[SHFWHG�WR�GHYLDWH�PRUH�WKDQ���WLPHV�WKH�506(���,I�RQO\�HVWLPDWHV�ZKLFK�GHYLDWH�ZLWK��
RU�OHVV�IURP�WKH�WUXH�WRWDO�FDQ�EH�FRQVLGHUHG�DFFHSWDEOH��ZH�VKRXOG�UHMHFW�HVWLPDWHV�ZLWK�506(�����DQG
EH�SUHSDUHG�WKDW���RXW�RI����UHMHFWLRQV�VKRXOG�KDYH�EHHQ�DFFHSWHG�

�� (PSLULFDO�([DPSOH�,

��� ([SHULPHQWV

7KH�ILUVW�LOOXVWUDWLRQ�RI�WKH�PHWKRGV�GHVFULEHG�DERYH�XVHV�GDWD�IURP�WKH�1RUZHJLDQ�$JULFXOWXUH�DQG
)RUHVWU\�6XUYH\V�FDUULHG�RXW�E\�6WDWLVWLFV�1RUZD\��66%����7KH�H[SHULPHQW�GHPRQVWUDWHV�WKH�XVH�RI�DQ
$11�WR�GLVFULPLQDWH�EHWZHHQ�DFFHSWDEOH�DQG�GHILFLHQW�UHFRUGV�LQ�HGLWLQJ�FRQWURO���$�GHFHQQLDO
DJULFXOWXUDO�FHQVXV�ZDV�WDNHQ�LQ��������8VLQJ�WKLV�DV�D�IUDPH��D�VWUDWLILHG�VDPSOH�ZDV�VHOHFWHG�IRU
DQQXDO�VXUYH\V���7KH�GDWD�FROOHFWHG�IRU�WKH�FHQVXV�DQG�WKH�DQQXDO�VXUYH\V�KDYH�EHHQ�HGLWHG�E\
DJULFXOWXUDO�VXEMHFW�PDWWHU�VSHFLDOLVWV�

,Q�������66%�GHFLGHG�WR�HYDOXDWH�D�FRPSXWHUL]HG�FRQWURO�FRPSDUHG�ZLWK�KXPDQ�HGLWLQJ�RI�WKH�DQQXDO
VXUYH\V���8QLW�GDWD�FROOHFWHG�IRU�WZR�FRXQWLHV�ZHUH�UHFRUGHG�LQ�WKUHH�DOWHUQDWLYH�YHUVLRQV��WKH�UDZ�GDWD�



���

UHFRUGV�IURP�WKH�TXHVWLRQQDLUHV��WKH�FRUUHFWHG�GDWD�UHFRUGV�EDVHG�RQ�WKH�FRPSXWHUL]HG�FRQWURO�UXOHV
VXSSOHPHQWHG�E\�KXPDQ�FRUUHFWLRQ�RI�UHFRUGV�IDLOLQJ�WKH�FRQWURO��DQG�WKH�HGLWHG�GDWD�UHFRUGV�IURP�WKH
TXHVWLRQQDLUHV�FRPSOHWHO\�HGLWHG�E\�WKH�VSHFLDOLVWV���(YDOXDWLRQ�UHSRUWV�FRQFOXGHG�WKDW�WKH�GDWD
FRQWUROOHG�E\�D�UXOH�EDVHG�FRPSXWHUL]HG�PHWKRG�IROORZHG�E\�D�PDQXDO�FRUUHFWLRQ�RI�UHFRUGV�UHMHFWHG�E\
WKH�FRQWURO�JDYH�GDWD�ZKLFK��ZKHQ�DJJUHJDWHG��GHYLDWHG�LQVLJQLILFDQWO\�LQ�VRPH�ILHOGV��EXW�QRW�LQ�DOO�
IURP�DJJUHJDWHV�RQ�GDWD�ERWK�FRQWUROOHG�DQG�FRUUHFWHG�E\�VSHFLDOLVWV�

([SHULPHQWV�ZHUH�LQLWLDWHG�WR�LQYHVWLJDWH�����LI�LW�LV�SRVVLEOH�IURP�D�VDPSOH�RI�HGLWHG�UHFRUGV�WR�WUDLQ�D
QHXUDO�QHWZRUN�WR�IXQFWLRQ�OLNH�D�KXPDQ�H[SHUW�DQG�GHWHFW�WKH�VDPH�GHILFLHQFLHV�LQ�UDZ�UHFRUGV�DV
KXPDQ�HGLWRUV�GR��DQG����LI�D�QHXUDO�QHWZRUN�FDQ�EH�WUDLQHG�RQ�D�VDPSOH�RI�GHILFLHQW�UDZ�UHFRUGV�DQG
WKH�FRUUHVSRQGLQJ�HGLWHG�UHFRUGV�WR�SHUIRUP�WKH�VDPH�FRUUHFWLRQV�DV�WKH�KXPDQ�HGLWRUV�GR���6RPH
UHVXOWV�IURP�WKH�ILUVW�SDUW�ZLOO�EH�UHSRUWHG�EHORZ��ZKLOH�WKH�VHFRQG�SDUW�RI�WKH�H[SHULPHQW�LV�VWLOO�EHLQJ
ZRUNHG�RQ�

7KH�H[SHULPHQWV�ZHUH�EDVHG�RQ�UHFRUGV�IRU�Q�1 �����XQLWV���)URP�WKHVH��Q �����UHFRUGV�ZHUH
UDQGRPO\�VHOHFWHG�IRU�WUDLQLQJ�D�WZR�OD\HU�$11��ZKLOH�WKH�UHPDLQLQJ�1 �����ZHUH�UHVHUYHG�IRU
WHVWLQJ���(DFK�UHFRUG�FRPSULVHG�����E\WHV�GLVWULEXWHG�WR�����YDULDEOHV���7KH�FRQWURO�WDVN�WR�EH
VLPXODWHG�ZDV�WR�FODVVLI\�HDFK�UDZ�UHFRUG�DV�HLWKHU�DFFHSWDEOH�RU�VXVSLFLRXV�

6LQFH�WKH�$11�XVHG�ZDV�EDVHG�RQ�VLJPRLG�RXWSXW�IXQFWLRQV��WKH�RXWSXW�YDOXH�ZRXOG�EH�ZLWKLQ�WKH�UDQJH
��I�[L����[L.���Z������7KH�YDOXH�FDQ�EH�FRQVLGHUHG�DV�DQ�HVWLPDWH�RI�WKH�SUREDELOLW\�WKDW�WKH�UHFRUG�LV
FRUUHFW���7KH�IROORZLQJ�GHFLVLRQ�UXOH�ZDV�WKHUHIRUH�HVWDEOLVKHG�EDVHG�RQ�WKH�RXWFRPH�RI�WKH�$11�

I�[L����[L.���Z� ! D� �����WKHQ�WKH�UHFRUG�LV�FODVVLILHG�DV�FRUUHFW ���
� D� �����WKHQ�WKH�UHFRUG�LV�FODVVLILHG�DV�VXVSLFLRXV�����IRU�L ���1�

,Q�WKLV�FDVH��WKH�I�FDQ�EH�FRQVLGHUHG�D�GLVFULPLQDQW�IXQFWLRQ�DQG�����D�FXWWLQJ�SRLQW�GHILQLQJ�WKH
FODVVLILFDWLRQ�UHJLRQV���7KH�D�UHIOHFWV�WKH�FXWWLQJ�SRLQW�ZLWK�D�PLQLPXP�ULVN�IRU�PLVFODVVLILFDWLRQ�LI�WKH
ORVV�RI�UHMHFWLQJ�D�UHFRUG�ZKLFK�VKRXOG�KDYH�EHHQ�DFFHSWHG�LV�HTXDO�WR�WKH�ORVV�RI�DFFHSWLQJ�D�UHFRUG
ZKLFK�VKRXOG�KDYH�EHHQ�UHMHFWHG���,I�WKH�VWDWLVWLFDO�SURGXFHU�KDV�D�FRQVHUYDWLYH�VWUDWHJ\�DQG�WHQGV�WR
WKLQN�WKDW�LW�LV�EHWWHU�WR�LQVSHFW�WRR�PXFK�WKDQ�WRR�OLWWOH��D�VKRXOG�EH�VHW�!������RU�YLFH�YHUVD�

��� 7UDLQLQJ�WKH�&RQWURO�)XQFWLRQ

7KH�$11�XVHG�FRQVLVWHG�RI�����LQSXW�YDULDEOHV��WZR�OD\HUV�RI�ZHLJKWV�FRQQHFWHG�E\�����KLGGHQ
QHXURQV�DQG�RQH�RXWSXW�QHXURQ��WKH�GHFLVLRQ�YDULDEOH���,Q�WRWDO��WKLV�PRGHO�LQFOXGHG��������ZHLJKWV�WR
EH�GHWHUPLQHG���7R�DYRLG�WKH�SUREOHPV�RI�PXOWLSOH�ORFDO�PLQLPD��D�SUREOHP�IUHTXHQWO\�PHW�ZLWK�WKLV
W\SH�RI�PRGHO��WKH�ZHLJKWV�ZHUH�JLYHQ�VPDOO�LQLWLDO�UDQGRP�YDOXHV�DQG�D�OHDUQLQJ�UDWH�ZKLFK�GHFUHDVHG
OLQHDUO\�LQ�YDOXH�IURP�����WR�����DV�WKH�OHDUQLQJ�LPSURYHG�ZDV�XVHG���7KH�WUDLQLQJ�IXQFWLRQ�OHDUQHG�WR
FRUUHFWO\�SUHGLFW�WKH�YDOXHV�RI�WKH�GHFLVLRQ�YDULDEOH�IRU�WKH������UHFRUGV�RI�WKH�WUDLQLQJ�VHW�GXULQJ�����
LWHUDWLRQV�

��� 7HVWLQJ�WKH�&RQWURO�)XQFWLRQ

7KH�SUDFWLFDO�XVH�RI�WKH�WUDLQHG�IXQFWLRQ�GHSHQGV��KRZHYHU��RQ�KRZ�ZHOO�LW�SHUIRUPV�RQ�DQ�LQGHSHQGHQW
VHW�RI�UHFRUGV���,W�ZDV��WKHUHIRUH��DSSOLHG�WR�SUHGLFW�WKH�GHFLVLRQ�YDULDEOH�YDOXHV�IRU�DQG�FODVVLI\�WKH
�����WHVW�UHFRUGV�QRW�XVHG�LQ�WKH�WUDLQLQJ���:KHQ�WKH�FODVVLILHG�UHFRUGV�ZHUH�FRPSDUHG�ZLWK�UHFRUGV
HGLWHG�E\�WKH�HGLWRUV��LW�ZDV�IRXQG�WKDW�WKH�FRQWURO�IXQFWLRQ�KDG�IDLOHG�WR�SUHGLFW������RU����SHUFHQW�RI
WKH�UDZ�UHFRUGV�FRUUHFWO\���7ZR�W\SHV�RI�PLVFODVVLILFDWLRQ�DSSHDUHG���7\SH���PLVFODVVLILFDWLRQ�HUURUV



���

LQFOXGHG�FRUUHFW�UHFRUGV�ZKLFK�ZHUH�SUHGLFWHG�WR�EH�HUURQHRXV���7\SH���HUURUV�LQFOXGHG�GHILFLHQW
UHFRUGV�ZKLFK�ZHUH�LQFRUUHFWO\�SUHGLFWHG�DV�DFFHSWDEOH�E\�WKH�FRQWURO�IXQFWLRQ���:H�DVVXPHG�WKDW�DOO
UHFRUGV�FODVVLILHG�DV�LQFRUUHFW�VKRXOG�EH�LQVSHFWHG�E\�WKH�HGLWRUV�ZKR�ZRXOG�LGHQWLI\�WKH�����7\SH��
HUURUV���$PRQJ�WKH������WHVW�UHFRUGV������UHFRUGV�ZHUH�FODVVLILHG�DV�FRUUHFW�E\�WKH�FRQWURO�IXQFWLRQ��
7KHVH����SHUFHQW�HUURQHRXV�UHFRUGV�ZRXOG�QRW�EH�GHWHFWHG�E\�WKH�HGLWRUV�

7DEOH�����5HFRUGV·�3UHGLFWLRQ�&RPSDUHG�ZLWK�7UXH�6WDWXV

7UXH

3UHGLFWHG &RUUHFW ,QFRUUHFW 6XP

&RUUHFW ��� ��� ���

,QFRUUHFW ��� ���� ����

6XP ��� ���� ����

��� &RPSDULQJ�WKH�7ZR�6HWV�RI�&RUUHFWHG�5HFRUGV

$�ILUVW�WDVN�ZDV�WR�FRPSDUH�WKH�DERYH�UHVXOW�IURP�$11�FRQWURO�ZLWK�WKH�UHVXOWV�IURP�WKH�FRQWURO�E\
PHDQV�RI�WKH�FRPSXWHUL]HG�UXOH�FRQWURO�XVHG�LQ�WKH�66%�HYDOXDWLRQ���7KH�QXPEHU�RI�UHFRUGV�IURP�WKLV
FRPSXWHU�FRQWURO�ZKLFK�GLIIHUHG�IURP�WKH�YHUVLRQ�ZKLFK�KDG�EHHQ�FRQWUROOHG�DQG�FRUUHFWHG�E\�H[SHUWV
ZDV������RU����SHUFHQW�RI�WKH������UHFRUGV���&RPSDUHG�ZLWK�WKH����SHUFHQW�RI�WKH�UHFRUGV�ZKLFK�ZRXOG
QRW�EH�FRUUHFWHG�XVLQJ�WKH�$11�EDVHG�FRQWURO��D�SUHOLPLQDU\�FRQFOXVLRQ�ZDV�WKDW�WKH�$11�FRQWURO
IXQFWLRQ�GHWHFWHG�PRUH�HUURUV�WKDQ�WKH�66%�FRPSXWHUL]HG�FRQWURO�

$IWHU�HOLPLQDWLQJ�VL[�ILHOGV�ZLWK�GDWD�LUUHOHYDQW�IRU�WKLV�SXUSRVH������WRWDOV�ZHUH�JHQHUDWHG�IURP�WKH
UHFRUGV�UHVXOWLQJ�IURP�WKH�66%�FRQWURO��WKH�UHFRUGV�IURP�WKH�$11�FRQWURO��DQG�WKH�UHFRUGV�FRQWUROOHG
E\�WKH�H[SHUWV���7KH�DYHUDJH�UHODWLYH�HUURUV�

(� ���_���WVWDW���WWUXH�����WWUXH�_�������� ���

ZHUH�FRPSXWHG�DQG�JDYH�WKH�UHVXOWV��(66%� ������DQG�($11� ������

7KH�DYHUDJH�GHYLDWLRQ�IRU�WKH�WRWDOV�IURP�WKH�$11�FRQWURO�ZHUH�RQO\����SHUFHQW�RI�WKRVH�UHVXOWLQJ�IURP
WKH�66%�FRQWURO���7KH�$11�FRQWURO�UHMHFWHG������UHFRUGV�RXW�RI�WKH������IRU�LQVSHFWLRQ�E\�WKH�H[SHUWV�
LPSO\LQJ�WKDW�WKH�H[SHUWV�KDG�WR�LQVSHFW�DERXW����SHUFHQW�RI�WKH�UHFRUGV��RU�D�VDYLQJ�RI�RQO\����SHUFHQW��
8QIRUWXQDWHO\��LW�LV�LPSRVVLEOH�WR�GHGXFH�IURP�WKH�DYDLODEOH�GDWD�VHWV�H[DFWO\�KRZ�PDQ\�UHFRUGV�RI�WKH
UDZ�GDWD�VHW�ZHUH�UHMHFWHG�E\�WKH�66%�FRPSXWHUL]HG�FRQWURO�IRU�LQVSHFWLRQ�E\�WKH�H[SHUWV�

7KH�QH[W�TXHVWLRQ��ZKLFK�VR�IDU�KDV�QRW�EHHQ�DQVZHUHG��LV�LI�VRPH�RI�WKH������UHFRUGV�FRXOG�KDYH�EHHQ
SURFHVVHG�E\�DQ�$11�LPSXWDWLRQ�PRGHO�LQVWHDG�RI�HGLWRUV�

�� (PSLULFDO�([DPSOH�,,

��� ([SHULPHQWV

([WHQVLYH�H[SHULPHQWV�ZLWK�$11�KDYH�EHHQ�SHUIRUPHG�RQ�1RUZHJLDQ�GDWD�IURP�WKH������3RSXODWLRQ
&HQVXV�>1RUGERWWHQ�����@���7KH�GDWD�XVHG�LQ�WKLV�SUHVHQWDWLRQ�DUH�IURP�D�PXQLFLSDOLW\�ZLWK�������
LQGLYLGXDOV�GLVWULEXWHG�WR����VPDOO�FHQVXV�WUDFWV��DQG�WKH�DLP�RI�WKH�SUHVHQWDWLRQ�LV�WR�LOOXVWUDWH�PDVV



���

LPSXWDWLRQ�RI�LQGLYLGXDO�GDWD�IRU�GHULYLQJ�VPDOO�DUHD�VWDWLVWLFV���7R�EH�TXLWH�FRUUHFW��WKH�DUHDV�PD\�QRW
EH�VPDOO�LQ�VSDFH��EXW�WKH\�FRQWDLQ�D�VPDOO�QXPEHU�RI�VWDWLVWLFDO�XQLWV�

7KH�PXQLFLSDOLW\�LV�ORFDWHG�LQ�WKH�PLGGOH�SDUW�RI�1RUZD\�ZLWK�IDUPLQJ��VRPH�PDQXIDFWXULQJ�DQG
WUDQVSRUW�DV�LWV�PDLQ�LQGXVWULHV���7KH�DYHUDJH�SRSXODWLRQ�RI�D�VPDOO�DUHD�ZDV�����LQKDELWDQWV���7KH
PDMRULW\�RI�DUHDV�KDG�IURP�����WR�����LQKDELWDQWV��ZKLOH�VRPH�KDG�OHVV�WKDQ����LQKDELWDQWV�

7KH������&HQVXV�LQ�1RUZD\�ZDV�EDVHG�SDUWO\�RQ�DGPLQLVWUDWLYH�GDWD�DYDLODEOH�IRU�HDFK�LQKDELWDQW�
UHIHUUHG�WR�DV�[�YDULDEOHV��DQG�SDUWO\�RQ�GDWD�FROOHFWHG�SDUWLFXODUO\�IRU�WKH�FHQVXV��UHIHUUHG�WR�DV
\�YDULDEOHV���)RU�PRVW�PXQLFLSDOLWLHV��REVHUYDWLRQV�RI�\�YDULDEOHV�ZHUH�FROOHFWHG�IURP�UDQGRP�VDPSOHV
FRQWDLQLQJ�DERXW����SHUFHQW�RI�WKH�LQKDELWDQWV���7KH�PXQLFLSDOLW\�XVHG�LQ�WKH�VWXG\��KRZHYHU��ZDQWHG
VWDWLVWLFV�RQ�WKH�\�YDULDEOHV�EDVHG�RQ�FRPSOHWH�FRXQWV�IRU�DOO�LQKDELWDQWV�DQG�SDLG�IRU�WKH�DGGLWLRQDO
REVHUYDWLRQV�LWVHOI���7KH�GDWD�IURP�WKLV�PXQLFLSDOLW\�ZHUH�WKXV�ZHOO�VXLWHG�IRU�WKH�W\SH�RI�H[SHULPHQWV
ZH�ZDQWHG�WR�SHUIRUP���,Q�WKH�H[SHULPHQWV��ZH�VLPXODWHG�D�VLWXDWLRQ�LQ�ZKLFK�D�QRUPDO�VDPSOH�VXUYH\
ZDV�WDNHQ�DQG�LPSXWHG�YDOXHV�IRU�WKH�\�YDULDEOHV�IRU�HDFK�LQGLYLGXDO�LQ�WKH�UHPDLQLQJ�SRSXODWLRQ�ZHUH
FRPSXWHG���6LQFH�FRPSXWHG�WRWDOV�DQG�DFFXUDF\�SUHGLFWLRQV�FRXOG�EH�FRPSDUHG�ZLWK�REVHUYHG�WDUJHW
WRWDOV�DQG�HYDOXDWHG�LQ�WKLV�PXQLFLSDOLW\��WKH�GDWD�UHSUHVHQWHG�D�XQLTXH�SRVVLELOLW\�IRU�DQ�HYDOXDWLRQ
VWXG\�

7ZR�VHWV�RI�\�YDULDEOHV�ZHUH�LQFOXGHG�LQ�WKH�H[SHULPHQW��LQ�WRWDO����YDULDEOHV��ZKLFK�ZHUH�DVVXPHG�WR
KDYH�EHHQ�REVHUYHG�LQ�WKH�VDPSOH�VXUYH\��ZKLOH����DX[LOLDU\�[�YDULDEOHV�ZHUH�DYDLODEOH�IURP
DGPLQLVWUDWLYH�UHJLVWHUV�IRU�DOO�LQGLYLGXDOV���7KH����\�YDULDEOHV�ZHUH�DERXW�FRKDELWDWLRQ�DQG�WKH�PHDQV
RI�WUDQVSRUWDWLRQ�WR�ZRUN���7ZR�VHSDUDWH��VLPXOWDQHRXV�$11�ZLWK�WRJHWKHU����QRQ�OLQHDU�LPSXWDWLRQ
IXQFWLRQV�ZHUH�WUDLQHG�DQG�XVHG�WR�JHQHUDWH�LPSXWDWLRQV�IRU�WKH�LQKDELWDQWV�QRW�LQFOXGHG�LQ�WKH�VDPSOH��
%RWK�PRGHOV�XVHG�WKH�LQGLYLGXDO�YDOXHV�RI�WKH����[�YDULDEOHV�DV�LQGHSHQGHQW�YDULDEOHV�IRU�LPSXWLQJ�WKH
LQGLYLGXDO�\�YDULDEOHV���,Q�DGGLWLRQ��ERWK�PRGHOV�LQFOXGHG����KLGGHQ�QHXURQV���7KH�GHWDLOV�DERXW�GHVLJQ
DQG�FRQVWUXFWLRQ�RI�WKH�QHXUDO�QHWZRUN�PRGHOV�XVHG�IRU�LPSXWDWLRQV�DQG�WKH�FRPSXWDWLRQ�RI�WKH�PHDQ
VTXDUH�HUURUV�KDYH�EHHQ�GHVFULEHG�HOVHZKHUH�>1RUGERWWHQ�����@�

7KH�VDPSOH�GUDZQ�IURP�WKH�SRSXODWLRQ�LQ�WKH�PXQLFLSDOLW\�ZDV�GLYLGHG�LQWR�WZR�UDQGRP��PXWXDOO\
H[FOXVLYH�VDPSOHV���7KH�ILUVW�WUDLQLQJ�VDPSOH��6�����FRPSULVHG������LQGLYLGXDOV�DQG�ZDV�XVHG�WR
GHWHUPLQH�DOWRJHWKHU������SDUDPHWHUV�IRU�WKH�WZR�LPSXWDWLRQ�PRGHOV���7KH�VHFRQG�VDPSOH��6�����ZLWK
RQO\�����LQGLYLGXDOV��ZDV�XVHG�WR�HVWLPDWH�PHDQ�VTXDUH�HUURUV�DQG�ELDVHV�RI�WKH�LPSXWHG�YDULDEOHV�

7KH�REVHUYHG�\�YDOXHV�IRU�HDFK�RI�WKH�������LQKDELWDQWV�LQ�WKH�WZR�VDPSOHV�ZHUH�XVHG�LQ�FRPSXWLQJ�WKH
ILUVW�WHUP�RI�IRUPXOD�����IRU�FRPSXWLQJ�WKH�LPSXWDWLRQ�HVWLPDWHV���7KH�VHFRQG�WHUP�RI�WKH�HVWLPDWHV�IRU
WKH�UHPDLQLQJ��������LQGLYLGXDOV�RXWVLGH�WKH�VDPSOHV�REVHUYHG�ZDV�REWDLQHG�DV�WKH�VXP�RI�WKH
LQGLYLGXDO�LPSXWHG�\1�YDOXHV�

(LJKW�KXQGUHG�DQG�IRUW\�<1�WRWDOV�ZHUH�HVWLPDWHG�IRU�WKH����DUHDV���7KH�FRUUHVSRQGLQJ�WDUJHW�<�WRWDOV
ZHUH�DJJUHJDWHG�DV�UHIHUHQFHV�IURP�WKH�´WUXHµ�\�YDOXHV�IRU�DOO�LQGLYLGXDOV���)RU�HDFK�HVWLPDWHG�WRWDO�
WKH�LPSXWDWLRQ�HUURU�506(�ZDV�FRPSXWHG�DFFRUGLQJ�WR�IRUPXOD�������,Q�RUGHU�WR�WHVW�WKH�YDOLGLW\�RI
DSSO\LQJ�WKH�FRPSXWHG�506(V�IRU�SUHGLFWLQJ�WKH�DFFXUDF\�RI�WKH�HVWLPDWHV��DOO�LPSXWDWLRQ�HVWLPDWHV
ZLWK�506(!����ZHUH�LGHQWLILHG�

5HO\LQJ�RQ�WKH�&HQWUDO�/LPLW�7KHRUHP��WKLV�FRQGLWLRQ�LV�HTXLYDOHQW�WR�SUHGLFWLQJ�WKDW�WKHVH�HVWLPDWHV
ZLOO�QRW�GHYLDWH�IURP�WDUJHWV�ZLWK�PRUH�WKDQ���LQGLYLGXDOV�ZLWK�D�FRQILGHQFH�RI��������$OWHUQDWLYHO\��LI
ZH�UHO\�RQ�WKH�7FKHE\FKHII�,QHTXDOLW\�7KHRUHP��WKH�FRQILGHQFH�LV�UHGXFHG�WR�DERXW������IRU�WKH�VDPH
DFFXUDF\�SUHGLFWLRQV�



���

��� (VWLPDWHV�DQG�$FFXUDF\�3UHGLFWLRQV

7KH�ODVW�URZ�RI�7DEOH���VKRZV�WKDW�����RI�WKH�����LPSXWDWLRQ�HVWLPDWHV�GHYLDWHG�IURP�WKHLU�WDUJHW�WRWDOV
ZLWK���RU�OHVV�LQGLYLGXDOV���2WKHU�H[SHULPHQWV�VKRZHG�WKDW�RQO\���SHUFHQW�RI�WKH�HVWLPDWHV�GHYLDWHG
IURP�WKHLU�WDUJHWV�ZLWK�PRUH�WKDQ����LQGLYLGXDOV���7KLV�LQGLFDWHV�WKDW�WKH�LPSXWDWLRQ�HVWLPDWHV�DUH�TXLWH
DFFXUDWH�DQG�VKRXOG�EH�XVHIXO�LQIRUPDWLRQ���7KH�TXHVWLRQ�LV��DUH�ZH�DEOH�WR�SUHGLFW�ZKLFK�RI�WKHVH
HVWLPDWHV�VDWLVI\�RXU�FRQGLWLRQV�WKDW�RQO\�HVWLPDWHV�ZLWK�GHYLDWLRQ���RU�OHVV�VKRXOG�EH�UHOHDVHG"

7DEOH��� 3UHGLFWHG�DQG�2EVHUYHG�$FFXUDF\�IRU

,PSXWDWLRQ�(VWLPDWHV�RI�����7RWDOV�LQ�6PDOO�$UHDV

2EVHUYHG
_<1�<_� �

2EVHUYHG
_<1�<_!�

6XP

3UHGLFWHG
_<1�<_� �

��� �� ���

3UHGLFWHG
_<1�<_!�

��� ��� ���

6XP ��� ��� ���
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